Single component molecular conductors have been defined by opposition to classical charge transfer salts as conducting materials involving only one single molecular entity.
Two main classes of compounds respond today to this definition: (i) neutral complexes of electroactive tetrathiafulvalene dithiolene ligands successfully isolated as metallic compounds by Kobayashi et al. [1] and (ii), fully organic neutral radical species such as thiazyl radicals (dithiadiazolyl and dithiazolyl), [2, 3, 4] spiro-bis(phenalenyl)-boron [5] and tetrathiafulvalene (TTF) based radicals. [6, 7] Neutral dithiolene complexes lacking the tetrathiafulvalene backbone were also reported for their metallic conductivity, such as trimetallic molybdenum dithiolene cluster complexes, [8] or more recently [Ni(dmit) 2 ] under pressure. [9] Neutral gold dithiolene complexes offer another alternative. [10] such delocalized radical species are however not a sufficient condition to observe a sizeable or even metallic conductivity because these radical species most often dimerize to form a 2e --eventually delocalized-bond. [10] Even the regular stacking of planar π-type radicals leading to a ½-filled conduction band is threatened by the so-called Peierls transition which opens a gap at the Fermi level through a dimerization of the stacks.
We recently prepared a series of neutral radical gold dithiolene complexes, [Au(Rthiazdt) 2 ] • (Chart 1a) based on the N-ethyl-1, ligand with one radical per site, [11] which are not affected by the usual propensity of radical species to dimerize in the solid state, and which behave as Mott insulators. Several modifications of this prototypical [Au(Et-thiazdt) 2 ]
• complex have been reported, aiming at a deeper understanding of the structure-properties relationship within this original single-component-conductor family. For instance, the use of diselenolene ligands, rather than dithiolene ones (Chart 1b), enhances the orbital overlaps and increases the room temperature conductivity by two orders of magnitude. [12] Contrariwise, the replacement of the exocyclic sulfur atom by an oxygen one leads to decreased intra-layer interactions and smaller conductivities (Chart 1b). Such structural modifications do not entail substantial changes in the solid state packing but essentially the strength of the intermolecular interactions through so-called anisotropic chemical pressure effects. [12] The nature of the substituent R on the nitrogen atom in these N-substituted 1,3-thiazoline-2-thione-4,5-dithiolate ligands provides another tool to modify these series in a deeper manner.
For instance, introduction of hydroxyethyl substituents revealed solid state structures with added OH•••S hydrogen bonds (Chart 1c). [13] Also, the higher steric constraints brought by bulkier isopropyl groups (Chart 1c) led to an original crisscross overlap of the radical species within uniform stacks, with a very specific electronic structure, highly resistant to physical pressure effects. [14] It confirms that steric constraints considerably affect the organization of the molecules in the solid state and also the associated physical properties which result from strong intermolecular interactions such as the conducting one.
Chart 1
In this paper, we want to unravel the striking evolutions of structural and electronic properties we observed within an extended series of single component conductors based to these N-isopropyl gold dithiolene complexes, by replacing the isopropyl substituent by either a dimethylamino (NMe 2 ), a cyclopropyl (cPr) or a n-propyl substituent (nPr). While the dimethylamino group is expected to exhibit steric constraints similar to that of the isopropyl one, the somewhat less bulky but less flexible cyclopropyl group provides another variation, which should also contrast with the linear n-propyl derivative, as highlighted below.
Results and discussion

Syntheses
An efficient strategy for the preparation of 1,3-thiazoline-2-thiones consists in the use of primary amine as starting compound. [15] This chemical route allows the formation of various N-substituted heterocycles depending on the primary amine used in the first step, [16] as here N,N-dimethylhydrazine, cyclopropylamine and npropylamine. The preparation of the anionic gold dithiolene complexes 3-NMe 2 , 3-cPr and 3-nPr follows a described procedure, outlined in Scheme 1. [11] As a first step, the N-alkyl-1,3-thiazoline-2-thione 1 was formed by reacting the dithiocarbamate salt, obtained by adding carbon disulfide and triethylamine to a solution of the primary amine, with chloroacetaldehyde followed by cyclisation and dehydration in the presence of sulfuric acid. Bis-metallation of 1-R (R = NMe 2 , cPr, nPr) with LDA followed by the addition of S 8 and bromopropionitrile led to the formation of the protected dithiolate ligands 2-R (Scheme 1).
Scheme 1. Synthetic route toward the neutral radical gold complexes 4-R (R = NMe 2 , cPr, nPr)
The dithiolene ligands were generated by adding sodium methanolate to 2-R and and trans isomers. In order to generate the neutral radical complexes, we focused on the electrocrystallization approach as it generally allows the formation of good quality crystals at the anode. [17] Upon application of a constant current intensity of 0.3-0.5
µA to a solution of [PPh 4 ][Au(R-thiazdt) 2 ] 3-R (R = NMe 2 , cPr, nPr) in CH 3 CN
containing NBu 4 PF 6 as supporting electrolyte, crystals of the three neutral species 4-R were obtained on the electrode.
Electrochemical properties
The redox properties of the three monoanionic complexes [PPh 4 ][Au(R-thiazdt) 2 ]
3-R were investigated by cyclic voltammetry carried out in CH 2 Cl 2 using NBu 4 PF 6 as supporting electrolyte. The redox potentials are gathered in Table 1 together with those of analogous complexes for comparison purposes and a representative CV is given in Figure 1 
Molecular structures
The monoanionic gold dithiolene complex 3-NMe 2 crystallizes as Ph 4 P + salt in the monoclinic system, space group P2 1 /n. Two types of crystals were obtained for the monoanionic 3-nPr complex, the n-propyl derivative was isolated either as acetonitrile solvate, formulated as (Ph 4 P)(3-nPr)•(CH 3 CN) 2 or as the pure compound (Ph 4 P) , both crystallizing in the monoclinic system, space group C2/c while the Et 4 N + salt of 3-cP crystallizes in the triclinic system, space group P-1. The molecular structures of the complexes are presented in Figure 2 . All complexes, with such dissymmetrically substituted ligands, adopt a trans configuration with a square planar geometry around the gold atom. The only exception is (Ph 4 P)(3-nPr) which adopts also a cis configuration (Figure 2d ). All the metallacycles are slightly distorted along the S•••S axis with angles from 2 to 5° (Table 2 ). Selected bond lengths are collected in Table 2 and are similar in the four structures.
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Despite having very similar size, the orientation of the R substituent of the heterocyclic nitrogen atom with regard to the thiazoline ring strongly differs from one complex to the other. The syn disposition of the methyl groups in 3-NMe 2 (Scheme 2), with one methyl above and one methyl below the plane of the thiazoline-2-thione core and the lone pair oriented towards the metallacycle, recalls the syn conformation observed for the methyl groups in the isopropyl (iPr) analogous complex 3-iPr. [14] Besides, the cyclopropyl groups in 3-cPr are located above and below the thiazoline plane ( Figure 2b ) and the n-propyl substituents are strongly disordered in the cis 3-nPr complex ( Figure 2d ).
Scheme 2.
All the neutral complexes 4-R (R = NMe 2 , cPr, nPr) crystallize as the transisomers and they all exhibit a planarization of the metallacycles upon oxidation leading to quasi planar skeletons. Geometrical modifications between the monoanionic and neutral species are those generally observed in gold bis(dithiolene) complexes such as, within the metallacycles, a shortening of the C-S bonds and an elongation of the C=C bond (Table 2 ). This phenomenon is due to the non-innocent character of the dithiolene ligand. Within the thiazoline-2-thione ring, the modification of the bond lengths is less pronounced. Focusing now on the alkyl group, we note that its orientation with respect to the thiazoline ring is the same as the one observed for the monoanionic species for all the three complexes. For instance, the syn configuration of the NMe 2 (Scheme 2) maintains the orientation of the lone pair towards the metallacycle, a possible consequence of a stabilizing interaction between the lone pair of the nitrogen atom and the closest sulfur atom of the metallacycle. This orientation contrasts with the anti conformation observed for the methyl groups in the isopropyl (iPr) analogous complex 4-iPr (Scheme 2). [14] Structural and electronic properties of the radical complexes
Transport measurements were carried out on crystals of the neutral radical species 4-R along the long axis of the crystals which correspond in all cases to the stacking axis of the complexes 4-R. Conductivity values obtained at room temperature are collected in Table 3 Table 3 . Conductivity values at room temperature and ambient pressure for the radical complexes 4-R together with energy activation (E a ). We will see below that the large differences of conductivity and activation energies are intimately correlated to the details of the solid state arrangement adopted by these complexes, which furthermore strongly differ from what was observed earlier in 4-Et or 4-iPr. The highly conducting 4-Et species adopts indeed a non-dimerized, uniform chain structure with strong inter-chain interactions. It even becomes metallic under pressure. [11] On the other hand, the larger steric constraints of the iPr groups, which adopt an anti conformation (See Scheme 2) led to an original crisscross staking of the radicals and, despite a uniform stack, the apparition of a small direct gap in the band structure due to an avoided band crossing. [14] If we consider now the NMe 2 -subsituted complex 4-NMe 2 , it crystallizes in the orthorhombic system, space group I222 (n° 23), with the gold complex on a two-fold axis. The neutral radical molecules do form stacks along the a axis, with a crisscross orientation comparable to that in 4-iPr ( Figure 3) . However, at variance with 4-iPr which exhibits an apparently similar structure, the stacks are not uniform any more, as shown for example from the Au•••Au distances at 3.4660(6) Å and 3.5395(6) Å, indicating that the complexes are actually dimerized along the stacking axis. The crystal structures of the n-propyl and cyclopropyl derivatives (4-nPr, 4-cPr)
4-R
are closely related and will be described together in the following. Albeit both compounds are semiconductors, 4-nPr exhibits a higher conductivity and smaller activation energy than 4-cPr ( Table 2 ). The analysis and comparison of both structures can provide a rationale for these differences. As shown in Figure 6 , 4-nPr crystallizes in the triclinic system, space group P-1, and 4-cPr in the monoclinic system, space group P2 1 /c. In both structures, the radical gold complexes are located on inversion centers, and stack into uniform chains running along a axis. gives rise to a much larger band dispersion along the stacking Γ-X direction in the former complex, which also explains its higher conductivity and smaller activation energy (see above, Figure S3 ). perspectives. Indeed, this electronic structure is particularly sensitive to external stimuli such as pressure or electric field pulses. In 4-Et, application of external pressure leads indeed to the stabilization of a metallic state (above 1.3 GPa), [11, 12] while electric field pulses were used to generate a remnant and reversible highly conducting state, of interest toward their use in Resistive Random Access Memories (RRAM). [18] Along these lines, we therefore investigated the pressure dependence of the most conducting Mott insulator system, i.e. 4-nPr, up to 2.5 GPa. The RT conductivity increases by two orders of magnitude from 0.36 S cm -1 at ambient pressure, up to 60 S cm -1 at 2.5 GPa, following an exponential law characteristic of semiconductors up to 1.8 GPa ( Figure S5 ). At higher pressure, the increase of the conductivity is slowed down but also perturbed by the freezing of the pressure transmitting medium around 2.1 GPa. Although the conductivity at 2.5 GPa is similar to 4-iPr value, it is not clear if the conducting regime is reached for 4-nPr as observed in 4-iPr. The temperature dependence of the resistivity at different pressures ( Figure 9 ) shows that 4-nPr keeps its semi-conducting behavior, at least up to 2.5 GPa. The activation energy deduced from the Arrhenius fit of the data in the temperature range 80-150 K decreases continuously from 73 meV at ambient pressure down to 28 meV at 2.5 GPa but does not vanishes ( Figure S6 and S7), at variance with the behavior reported for 4-iPr. [14] Again the difference between the two complexes finds its origin in their structural organization of the two complexes.
The crisscross overlap stacking in 4-iPr and the numerous inter-stack interactions in the perpendicular plane allowed indeed for a three-dimensional overlap pattern while, as already mentioned, the calculated Fermi surface for 4-nPr ( Figure S4 ), with T its strong one-dimensional nature does not favor the metallic state to the same extend. (54 mmol, 12.8 g for R = nPr, 12.6 g for R = cPr and 12.8 g for R = NMe 2 ) in acetonitrile (100 mL) chloroacetaldehyde (7.2 mL, 56.7 mmol, 50% in water) was slowly added. The pale yellow solution was stirred at room temperature overnight except for R = NMe 2 which was refluxed overnight. The volume was reduced to about 10 mL by rotary evaporation and the brown residue was slowly added to 25 mL of concentrated sulfuric acid cooled at 0° C. The reaction mixture was stirred during 20 minutes, hydrolyzed with ice water and extracted with dichloromethane. The organic phase was washed with water, dried over MgSO 4 and the solvent was removed under reduced pressure to give thiazoline-2-thione 1 which was purified by column chromatography using dichloromethane as eluent for 1-nPr and 1-cPr and using dichloromethane /diethyl ether (9.9/0.1) as eluent for 1-NMe 2 . hours, at -10°C, and sulfur was added (0.51 g, 16.0 mmol) followed 30 min later by the addition of 3-bromopropionitrile (6.6 mL, 80.0 mmol). The temperature was allowed to rise to room temperature and the reaction was stirred overnight. The solvent was removed under reduced pressure and the residue was dissolved in dichloromethane. The organic phase was washed with water and then dried over MgSO 4 . The 4,5-biscyanoethylthio-1,3-thiazoline-2-thione 2 was purified by column chromatography using dichloromethane as eluent for 2-nPr and 2-cPr and using dichloromethane /diethyl ether (9.9/0.1) as eluent for 2-NMe 2 . H, 4.00, N, 12.83. Found: C, 43.80, H, 3.80, N, 12. 59. C, 39.97 ; H, 4.27 ; N, 16.95 ; S, 38.81. Found: C, 40.05 ; H, 4.37 ; N, 16.95 ; S, 38.60 . 16, H, 3.50, N, 2.86, S, 26.20. Found: C, 44.00, H, 3.50, N, 2.70, S, 26 .64. 
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Anionic gold dithiolene complexes 3-R:
X-ray crystal structures.
Single-crystal diffraction data were collected on APEXII, Bruker-AXS diffractometer, Mo-K1 radiation (/ = 0.71073 Å) for all compounds. The structures were solved by direct methods using the SIR97 program [19] , and then refined with full-matrix leastsquare methods based on F 2 (SHELXL-97) [20] with the aid of the WINGX [21] program.
All non-hydrogen atoms were refined with anisotropic atomic displacement parameters. H atoms were finally included in their calculated positions. Details of the data collections and final refinements are given In Table 4 . In the crystal structures of (Et 4 N)(3-cPr), 4-cPr and 4-nPr, relatively large residual densities (2-5 e Å Transport measurements.
The resistivity measurements were carried out along the long axis of the needle shaped single crystals which correspond to the stacking axis of the 4-R complexes.
Gold pads were evaporated on the crystals in order to improve the quality of the contacts and gold wires were glued with silver paste on those contacts. For 4-NMe 2 and 4-nPr, a standard four points technique was used with a low frequency lock-in detection (applied current I ac = 0.1-1µA) for measured resistances below 10 kΩ and dc measurement for higher resistances (applied current I dc = 0.1-1µA). For 4-cPr, resistivity was deduced from a two points measurement because of the small size of the crystals. The ρ(T) curve was checked by two different techniques: a dc measurement with an applied current I dc = 0.1µA and a current measurement with an applied voltage of 1V using a dc voltage source/picoammeter Keithley 6487.
Resistivity measurements were also performed under high hydrostatic pressure on very thin needles of 4-nPr (section around 50 µm 2 ). A NiCrAl clamped cell was used up to 2.5 GPa with silicon oil (Daphne 7373) as the pressure transmitting medium.
The pressure at room temperature was extracted from the resistance of a manganin gauge in the pressure cell and it is this value which is indicated in the figures.
However, the loss of pressure during cooling is estimated to 0.2 GPa, slightly decreasing with pressure. The highest pressure ρ(T) curve was measured in 3 points after one contact have been lost during the pressurization. Low temperatures have been provided by a home-made cryostat built around a 4K pulse tube.
